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Background 
Since 2010, the humanitarian aid organization World Vision has implemented a 
community-based water, sanitation, and hygiene (WASH) program in 76 area 
development programs (ADPs) for a total target population of 2,831,535 in three Southern 
Africa countries: Malawi, Mozambique, and Zambia. 
Methods 
This study was conducted using the Lives Saved Tool (LiST) to analyze the isolated impact 
of World Vision WASH interventions on child morbidity and mortality during the 
four-year implementation period from 2010 to 2014. The combined effects of WASH 
interventions – improved water source, home water connection, improved sanitation, 
handwashing with soap, hygienic disposal of children’s stools – were analyzed through 
LiST. 
Results 
It showed that 917 to 929 children under five years of age were saved from death caused 
by diarrhea, pneumonia, meningitis, or measles between 2010 and 2014. WASH 
interventions led to a 131% mean increase in the percentage of under-five lives saved, 
alongside a 4.47% mean decrease in under-five mortality rates across the three countries. 
In addition, 809,552 cases of diarrhea among 541,935 children under the age of five were 
prevented. 
Conclusions 
LiST acted as an effective tool for conducting the quantitative modeling assessment of the 
program retrospectively at a subnational level. World Vision WASH interventions in 
Malawi, Mozambique, and Zambia successfully saved children’s lives, and various 
approaches to WASH for the future program are necessary to reach the goal of preventing 
all three cases of diarrhea per child each year by 2020. 
Diarrheal disease persists as a leading cause of pre-
ventable death for children in the world’s poorest settings. 
In 2010, there were 1.731 billion episodes of diarrhea 
among children under five years of age (U5) globally, includ-
ing 36 million severe episodes, averaging three episodes per 
child. 1–3 The World Health Organization (WHO) reported 
in 2013 that diarrheal disease is the second top killer of chil-
dren U5, claiming the lives of around 760,000 young chil-
dren every year. Given that 88% of diarrhea cases are related 
to poor conditions of water, sanitation, and hygiene (WASH) 
4, it is essential that safe drinking water and good sanita-
tion and hygiene habits be promoted and practiced to pre-
vent a majority of these deaths. With this aim, World Vision 
launched its For Every Child Campaign (FECC) to increase 
the number of children with access to life-saving WASH 
interventions. World Vision implemented FECC across 10 
African countries in 3 of its operational regions (West, East, 
and Southern) between 2010 and 2011, and broadened the 
program scope to another 12 African countries in 2012. This 
WASH program was implemented through 2016 to fulfill the 
vision that “Every child deserves clean water.” 
MODELING ASSESSMENT SOFTWARE: SPECTRUM 
Spectrum is a suite of models that provides policymakers 
with an analytical tool for supporting the decision-making 
process. 5–7 Among seven software models in Spectrum, 
the Demography Projection model and the Lives Saved Tool 
(LiST) (Johns Hopkins University, Baltimore, USA) were 
mainly used to estimate the impact of World Vision WASH 
programs in the target countries: Malawi, Mozambique, and 
Zambia. LiST is a model to estimate the impact of scaling up 
health and nutrition interventions on newborn, child, and 
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maternal health. 8 WASH and WASH-related health inter-
ventions were mapped, recording mismatches and proxies 
that were used when misalignment occurred. Baseline and 
mid-term data were then sourced for all interventions col-
lected. For model specification, those data were entered in 
LiST to create plausible scenarios and parameters for the 
rate of change in intervention coverage levels over time. For 
the actual LiST modeling exercises conducted, we created 
projections for the various scenarios under study and then 
analyzed outcomes. 
WORLD VISION FECC WASH PROGRAM 
The aim of the World Vision FECC WASH program is to en-
sure that each of the 11.8 million beneficiaries in the FECC 
target areas will not only have basic access to clean drinking 
water, adequate sanitation, hand-washing, and menstrual 
hygiene facilities, but will also be trained in hygiene promo-
tion and behavior change by 2020. 
The purpose of this modeling assessment is to estimate 
the impact of FECC WASH interventions on U5 child mor-
tality from 2010 to 2014 in three of World Vision’s Southern 
African countries: Malawi, Mozambique, and Zambia. In ad-
dition, the application of LiST modeling strengthens the 
quantitative evaluation system of the World Vision 7-11 
strategic framework on maternal, newborn, and child health 
and nutrition (MNCHN). The WASH program was continu-
ously implemented from 2010 through 2014 in 76 area de-
velopment programs (ADPs), World Vision’s primary unit 
for implementing its interventions at the community level 
(20 in Malawi, 26 in Zambia, 30 in Mozambique). The total 
target population in the 76 ADPs was 2,831,535. National 
data, such as the Demographic Health Survey (DHS), Joint 
Monitoring Program (JMP), and Countdown to 2015 for 
each country were also used to approximate data not avail-
able in the subnational levels. 
World Vision collected WASH data using several different 
collection forms, including water facility monitoring, 
household tools, hygiene promotors, and standard training 
forms for monitoring and evaluation (M&E). After the 
World Vision staff, hygiene promotors, or community 
champions collected the data, the results were summarized 
and reported to the national office. The number of bene-
ficiaries was determined by counting the number for each 
water facility constructed as per government policy. The 
beneficiaries were people living within the facility area, and 
these were a section of the catchment population in the 
World Vision’s operation area. Although it could under- 
or overestimate the standard numbers per water facility, 
it would provide an approximation giving a general sense 
of the impact of WASH interventions. In most cases, the 
number of beneficiaries in our study could be conservative 
counts because most water points were planned and de-
signed to serve a World Vision community only where ADPs 
had clear information about the number of inhabitants. 
WASH PROGRAMS AND INTERVENTIONS IN TARGET COUNTRIES 
The Malawi WASH (MWASH) program goal was to improve 
the health and well-being of 381,012 community members, 
including 104,000 primary-level schoolchildren by 2015, 
through improved access to safe water, adequate sanitation, 
and hygiene education. MWASH was initially implemented 
in 13 ADPs and expanded to 7 additional ADPs, resulting in 
a total of 20 ADPs with a 594,484 target population (Table 
1). During the four years of MWASH implementation (2010 
to 2014), the program resulted in 334,103 clean water bene-
ficiaries and 573,168 improved sanitation and hygiene ben-
Figure 1: Lives Saved Tool (LiST) visualizer for diarrhea 
incidence, redesigned from the Child Health 
Epidemiology Research Group (CHERG) website.6 
eficiaries. 
The Mozambique WASH (MozWASH) program goal was 
to improve the health and quality of life of 832,500 people, 
including 364,500 children, through sustainable access to 
and use of adequate potable water, improved sanitation fa-
cilities, and good hygiene practices. MozWASH implemen-
tation began in the Zambezia province in 2011, reaching 
beneficiaries in 9 ADPs. Additionally, 6 ADPs in the Nam-
pula province, 8 ADPs in the Gaza province, and 7 ADPs in 
the Tete province were included, resulting in full MozWASH 
implementation in 30 ADPs with a target population of 
1,307,059 (Table 1). 
During the 3 years of MozWASH implementation (2011 
to 2014), the program resulted in 175,200 beneficiaries with 
access to clean and safe water and 313,605 beneficiaries 
with safe sanitation and hygiene. 
The Zambia WASH (ZWASH) program goal was to con-
tribute to the improved health, nutrition, education, and 
well-being of 300,000 people, including 100,000 children, 
through improved access to safe, sustainable supplies of 
potable water, adequate sanitation, and hygiene education. 
ZWASH was originally launched to provide safe water, ad-
equate sanitation, and hygiene education for 165,000 peo-
ple in Zambia’s Southern province. In 2010, ZWASH was ex-
panded through FECC to 5 additional provinces (Copper-
belt, Eastern, Lusaka, Northern, and Northwestern) in dis-
tricts with low access to WASH and high incidence of diar-
rhea. Another 10 ADPs were added, resulting in full ZWASH 
implementation in 26 ADPs with a 929,992 target popula-
tion (Table 1). During the 4 years of ZWASH implementa-
tion (2010 to 2014), the program resulted in 505,137 clean 
water beneficiaries and 20,438 households with access to 
improved sanitation. It also sensitized 2,802 communities 
to sanitation benefits and technologies and sensitized 2,059 
communities to hygiene benefits and practices. 
CAUSE OF ALL POSTNEONATAL DISEASES DUE TO DIARRHEA 
LiST results indicate that diarrhea is the sixth-leading cause 
of death among children from birth to 0.9 months and first 
cause of death among children from 1 to 59.9 months (Table 
2). 
We visualized how the five WASH interventions available 
in LiST can prevent diarrhea, how diarrhea indirectly causes 
stunting, and how stunting serves as a risk factor for in-
creased infectious disease incidence in children U5 (Figure 
1). 5,6 
In addition to the presentation of distinct mortality risk 
during each episode of diarrhea (due to dehydration), fre-
quent episodes of diarrhea deprive young children of the 
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Table 1. Total target population in the baseline in Malawi, Mozambique, and Zambia* 
Malawi in 2010 Mozambique in 2011 Zambia in 2010 
ADP Population ADP Population ADP Population 
Chikwina 25,000 A Hikulene 15,677 Buyantanshi 24,000 
Chilenje 22,280 Alto Changane 37,037 Chongwe East 9,349 
Ching'anda 30,000 Cahora Bassa 36,962 Choongo 43,432 
Chingale 58,893 Chioco 22,398 Hamaundu 35,000 
Chisepo 32,437 Chivongoene 28,011 Kaindu 35,000 
Kalira 26,925 Chongoene 59,275 Kalomo Central 40,000 
Kasangadzi 26,796 Derre 38,734 Kapululwe 23,000 
Lipiri 28,827 Dómue 50,815 Luampa 41,965 
Matope 15,000 Hluvuko 39,763 Lunga 25,657 
Midzemba 25,000 Imala 39,791 Luumbo 28,000 
Muntchenda 31,000 Inteta 29,477 Magoye 72,727 
Mutendere 24,569 Lifidze 59,027 Makungwa 54,000 
Namachete 22,034 Malehice 74,669 Mbala 94,000 
Ngozi 35,000 Marara 98,058 Mbeza 21,882 
Nkaya 24,284 Muakiwa 20,819 Moyo 31,339 
Nkhoma 27,179 Mucotho 53,646 Mporoksoso 11,990 
Nthondo 35,000 Muecate 44,825 Mudanyama 21,242 
Senzani 33,260 Mugeba 52,000 Mumbwa 50,000 
Tchesa 31,000 Munhiba 70,000 Musele 45,000 
Wovwe 40,000 Namacurra 36,000 Musosolokwe 13,674 
Namanjavira 44,122 Mwamba 31,931 
Ndaula 32,314 Mwinilunga 33,640 
Nhamarraua 35,266 Siachitema 30,000 
Nihessiue 31,137 Sinazongwe 56,500 
Nyaterre 48,312 Twachiyanda 37,000 





Total: 20 ADPs 594,484 Total: 30 ADPs 1,307,059 Total: 26 ADPs 929,992 
ADP – area development program 
*Total target population size: 2,831,535 from 76 ADPs. 
Table 2. Age bands and causes of death modelled in the Lives Saved Tool (LiST) 
Age bands Causes of death 
Birth to 0.9 
months 
Birth asphyxia, prematurity, sepsis/pneumonia, congenital anomalies, tetanus, diarrhea, all other causes of 
death 
1-5.9 months 




nutrition necessary for proper growth and the ability to re-
sist infections, thereby greatly contributing to malnutrition 
and morbidity, as well as increased risk for other life-threat-
ening infections, chiefly including malaria, pneumonia, and 
measles. 5,7 Therefore, more than half (52%) of the total 
combined U5 deaths in Malawi, Mozambique, and Zambia 
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(directly, due to diarrhea, and indirectly, due to malaria, 
pneumonia, meningitis, and measles) were WASH-related 
at the beginning of the program (Figure 2). 
One study found that “a higher cumulative burden of di-
arrhea increases the risk of stunting”; the adjusted odds of 
stunting increased by 1.13 for every 5 diarrhea episodes and 
by 1.16 for every 5% unit increase in longitudinal preva-
lence of diarrhea. 5 Stunting magnifies vulnerability and 
high relative risk for other postneonatal diseases, such as 
pneumonia, malaria, and measles. 7 Thus, the effort of im-
plementing WASH interventions to prevent diarrheal inci-
dence would be a good start for preventing several compli-
cations caused by stunting. 
METHODS 
DATA ANALYSES 
The preliminary LiST analysis was conducted at the primary 
sites for the study in each country: Choma in the Southern 
Province of Zambia (during October of 2014), Lilongwe in 
Malawi (during November to December of 2014), and Ma-
puto in Mozambique (during January of 2015). Later, data 
were reanalyzed by reflecting the most accurate method of 
creating a subnational projection from LiST. 
COMPARISON OF WORLD VISION WASH INTERVENTIONS TO LIST 
WASH INTERVENTIONS 
For quality assurance purposes, it was important to match 
World Vision interventions against LiST interventions to 
the highest degree possible. However, there were incom-
parable cases when data were unavailable, so we needed 
alternative ways to measure coverages. For WASH inter-
vention coverages in which misalignment occurred, we de-
signed a detailed explanation of how each of the corre-
sponding World Vision WASH interventions was translated 
into an appropriate format through a few mathematical 
steps, aligning it with the definition of LiST WASH inter-
ventions by proxy 9–11 (Table 3). 
Because LiST mainly uses the percentage changes of in-
dicators to estimate the impact of interventions, it was im-
possible to include any potential confounding factors for 
estimating more accurate causal association. In addition, 
LiST cannot include more detailed information or varia-
tions such as water point failure rates or baseline of water 
pipes. 
SCOPE OF LIST 
LiST is one component of the Spectrum software suite, 
which is a mathematical modeling package. By automatical-
ly calculating mathematical relationships between chang-
ing coverage on mortality impact, the software’s modules 
allow analysts to simulate the potential consequences of 
varying scenarios to estimate (past and future) lives saved 
when introducing or scaling up key interventions. It shows 
the resulting impact of increasing proven MNCHN interven-
tions as follows: 
Figure 2: Under-five (U5) cause-of-death distribution in 
study countries at the national level, 2010/2011. NN – 
neonatal (<1 month). 
In order to maximize the results of the study for practical 
WASH program in Malawi, Mozambique, and Zambia, we 
prioritized the following outcomes and intermediary effects 
in World Vision FECC target areas: number of lives saved, 
percentage increase in lives saved, decrease in U5MR, cases 
of diarrhea averted, and decrease in diarrhea incidence 
rates. 
In LiST, there were five WASH interventions (Table 3). 
There were 13 LiST WASH-related health interventions that 
would have been a positive influence on the impact of World 
Vision WASH program (Table 4). 
SCENARIOS FOR LIVES SAVED TOOL ANALYSIS 
LiST is an innovative approach for quantifying FECC’s im-
pact. Specifically, the modeling exercise compared the fol-
lowing four scenarios: 
• Additional deaths prevented in the stillbirth, neona-
tal, children U5, and maternal brackets by cause and 
by intervention relative to the impact year (the num-
ber of deaths averted each year compared to the first 
year of the intervention program); 
• The reduction in the mortality rates (maternal mor-
tality ratio [MMRatio], maternal mortality rate [MM-
Rate], neonatal mortality rate [NMR], infant mortality 
rate [IMR], and U5 mortality rate [U5MR]); 
• Percent of children in different height-for-age status-
es (stunting) and weight-for-height statuses (wast-
ing); 
• Incidence and etiology (incidence rate, the number of 
cases, and cases averted). 
• [Scenario 1 (SC1)]: LiST analysis through scaling up 
coverage of water interventions alone (improved wa-
ter source and household water connection), while 
assuming coverage of sanitation and hygiene and 
WASH-related health interventions stay constant 
over time; 
• [Scenario 2 (SC2)]: LiST analysis through scaling up 
coverage of sanitation and hygiene interventions 
alone (improved sanitation, handwashing with soap, 
hygienic disposal of children’s stools), while assum-
ing coverage of water and WASH-related health inter-
ventions stay constant over time; 
• [Scenario 3 (SC3)]: LiST analysis through scaling up 
coverage of WASH interventions (improved water 
source, household water connection, improved sani-
tation, handwashing with soap, hygienic disposal of 
children’s stools), while assuming coverage of WASH-
related health interventions stay constant over time; 
• [Scenario 4 (SC4)]: LiST analysis through scaling up 
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Table 3. Matching Lives Saved Tool (LiST) WASH interventions with World Vision WASH interventions 
LiST WASH interventions World Vision WASH interventions 
Improved water source:* 
Increased access to sustainable and safe water supply for poor 
and vulnerable communities and school children 
- Number of beneficiaries from boreholes or shallow wells 
constructed 
- Number of beneficiaries from alternative systems 
constructed 
Percent of households having an improved water source 
within 30 minutes 
- Number of beneficiaries from non-functioning water points 
rehabilitated 
Process for translating number of boreholes into percent of 
households: 
Step 1: water beneficiaries (number of boreholes or shallow 
wells + number of alternative systems construction + number 
of non-functioning water points rehabilitation) divided by 
average household size. 
Step 2: Divide Step 1 by number of households in program area 
Water connection in the home:† 
I. JMP data( 9 - 11 ) were used instead of baseline: 
Use of drinking water sources (percentage of population): 
water piped onto premises in rural area 
Percent of households with a household connection, 
including water piped into the home or yard 
II. World Vision WASH report was used for scaled-up: 
Constructed number of alternative systems 
Process for translating number of people into percent of 
households: 
Step 1: Divide number of beneficiaries by average household 
size 
Step 2: Divide Step 1 by number of households in program area 
Improved sanitation: 
Increased access to improved sanitation for poor and 
vulnerable communities and school children 
- Number of household latrines constructed by community 
members 
Percent of households using an improved sanitation 
facility 
Process for translating number of facilities into percent of 
households: 
Step 1: Assume number of improved sanitation facilities 
constructed by community members = number of households 
using an improved sanitation facility 
Step 2: Divide Step 1 by number of households in program area 
Hand washing with soap: 
Improved hygiene knowledge and practices for poor and 
vulnerable communities and school children 
- Assume number of hand-washing facilities developed by 
community members 
Percent of mothers using appropriate handwashing 
practices including washing hands with soap, ash, or other 
materials and using adequate water after handling feces 
and before preparing food. 
Process for translating number of hand-washing facilities into 
percent of mothers: 
Step 1: Assume number of hand-washing facilities developed 
by community members = number of households using an 
hand-washing facility = number of mothers using appropriate 
handwashing practices because there is a mother in each 
household 
Step 2: Divide Step 1 by number households in program area 
Hygienic disposal of children’s stools: 
Increased access to improved sanitation for poor and 
vulnerable communities and school children 
Percent of children’s stools that are disposed of safely and 
contained. Stools are considered to be contained if: 1) the 
child always uses a toilet/latrine, 2) the feces are thrown 
in the toilet or latrine, or 3) the feces are buried in the 
yard. 
- Number of communities open defecation free (ODF) certified 
Process for translating number of communities into percent of 
children’s stools that are disposed of safely: 
Step 1: Assume communities ODF certified as 100% of 
community population is safely disposing of children's stools 
Step 2: Take average of ODF certified communities 
The modeling assessment of World Vision’s Water, Sanitation, and Hygiene Program in Southern Africa countries, Malawi,...
Journal of Global Health Reports 5
*The effect is applied to the difference between an improved water source and a household connection. The value must be greater than or equal to water connection in the home. 
†A water connection in the home is a subset of improved water within 30 minutes. The model automatically ensures no double counting of impact. 
Table 4. Comparison of Lives Saved Tool (LiST) WASH-related health interventions and World Vision 
WASH-related health interventions 
LIST WASH-related health interventions/ indicators Malawi Mozambique Zambia 
1. Breastfeeding prevalence N/A N/A N/A 
2. Breastfeeding promotion N/A N/A N/A 
3. Rotavirus vaccine N/A N/A N/A 
4. Measles vaccine N/A N/A N/A 
5. Vitamin A supplementation [preventive] N/A N/A Baseline: 60% 
Endline: N/A 
6. Zinc supplementation [preventive] N/A N/A N/A 
7. Zinc: treatment of diarrhea [curative] N/A N/A N/A 
8. Oral rehydration solution (ORS) N/A N/A Baseline: 59.9% 
Endline: 75% 
9. Multiple micronutrient supplementation N/A N/A Baseline: N/A 
Endline: 66.3% 
10. Balanced energy supplementation N/A N/A N/A 
11. Pregnant women protected via intermittent 
preventive treatment of malaria (IPTp) or sleeping 
under an insecticide treated bednet (ITN) 
N/A N/A Baseline 
  (SP/Fansidar: Percentage who took 
2+ doses): 65.7% 
  (Percentage of pregnant women age 
15-49 who slept under an ITN the 
past night in rural area): 28.7% 
Endline 
  (% of households that own a 
mosquito net that can be used for 
sleeping under): 79.0% 
12. Therapeutic feeding for severe wasting (Severe 






13. Antibiotics: treatment for dysentery N/A N/A Baseline: 63.4% (rural) 
Endline: N/A 
SUBNATIONAL POPULATION PROJECTIONS 
Six LiST files (one national file and five subnational files) 
were created for each country: “[country initial]_nat’l_base-
line,” “[country initial]_sub_baseline,” “[country ini-
tial]_sub_proj_SC1,” “[country initial]_sub_proj_SC2,” 
“[country initial]_sub_proj_SC3,” and “[country ini-
tial]_sub_proj_SC4” (country initial: M for Malawi, Moz for 
Mozambique, Z for Zambia; nat’l: national; sub: subnation-
al; proj: projection). Baseline is when intervention cover-
ages do not change over time, while projection is when in-
tervention coverages increase over time. It is also noted 
that baseline has another meaning when we talk about the 
year interventions began in each country. We obtained the 
“[country initial] nat’l_baseline” file from LiST without 
modifying population size and intervention coverages. 
There were several steps to create subnational projections 
from this national baseline file. First, we converted all num-
bers for PMTCT, adult antiretroviral therapy (ART), and 
child treatment in the AIDS Impact Model (AIM) of LiST in-
to percentages. Second, the “international migration” tab 
under the DemProj module was adjusted to produce the 
number of total net migrants per year at a subnational level 
by multiplying the ratio for the subnational to the national 
total population (TotPopSN/TotPopN). Third, the “total fer-
tility rate (TFR)” tab under the DemProj module for rural ar-
eas of the country were used as proxy 12–14, and the ratio 
for the subnational to the national TFR (TFRSN/TFRN) was 
multiplied by the national TFR. Fourth, the default national 
value of the HIV incidence under the AIM module and the 
contraceptive prevalence rate (CPR) under the Family Plan-
ning (FamPlan) module were used for the subnational re-
gion. Fifth, under the DemProj module, the ratio for Tot-
PopSN/TotPopN was multiplied by the baseline national 
population to produce the total population at the specific 
subnational level. Sixth, the intervention coverage esti-
coverage of all WASH interventions and WASH-relat-
ed health interventions. 
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Malawi 15,574,213 594,484 0.038171046 
Mozambique 25,148,360 1,307,059 0.051973926 
Zambia 14,422,951 929,992 0.064480008 
Total fertility rate (TFR) 
Malawi 5.47 6.10 1.115173675 
Mozambique 5.50 6.60 1.2 
Zambia 5.64 7.50 1.329787234 
Neonatal mortality rate 
(NMR) 
Malawi 25.7 34 1.322957198 
Mozambique 29.8 31 1.040268456 
Zambia 25 37 1.48 
Infant mortality rate (IMR) 
Malawi 57.5 73 1.269565217 
Mozambique 68.1 72 1.057268722 
Zambia 52.9 82 1.550094518 
Under 5 mortality rate 
(U5MR) 
Malawi 90.9 130 1.430143014 
Mozambique 97.5 111 1.138461538 
Zambia 82.1 139 1.693057247 
*Intervention initiation month and year for each country is Malawi: October 2010, Mozambique: October 2011, Zambia: October 2010. 
Table 6. WASH intervention coverage increases in Malawi, Mozambique, and Zambia 
WASH coverage from 2010/2011-2014 Malawi Mozambique Zambia 
Improved water source 25% → 40% 40% → 55% 54.3% → 91.9% 
Water connection in the home 0.1% → 1% 0.1% → 1% 2% → 2.8% 
Improved sanitation 4% → 7% 5.3% → 9% 13.1% → 28.2% 
Hand washing with soap 3% → 28% 3.3% → 28% 14% → 28.1% 
Hygienic disposal of children’s stools 2% → 5% 2.4% → 2.6% 13.1% →16.5% 
mates in the baseline and endline were entered, and then 
linear interpolation between baseline and endline was used 
in the subnational projections. Seventh, NMR, IMR, and 
U5MR were adjusted by using the values of rural areas of the 
country as proxy. 12–14 Information about national popula-
tion, subnational population, and subnational/national ra-
tio in each country is provided in Table 5. 
RESULTS 
All four scenarios were designed beforehand to conduct 
LiST analysis. Our original plan was to compare SC1 with 
SC2 to see which intervention – water, sanitation, or hy-
giene – would save the most lives. Also, we expected that 
comparing SC3 and SC4 would tell us whether incorporating 
WASH-related health interventions into traditional WASH 
interventions would dramatically increase the saving of 
lives. However, there was no substantial difference between 
the SC1 and SC2 interventions, so it would be better to dis-
play SC3 as a combined effect. Furthermore, most infor-
mation about WASH-related health interventions was not 
available in all three countries, so only SC4 was not pro-
jected (Table 4). Thus, we concluded that SC3 was the most 
feasible and realistic retrospective analysis of World Vision 
WASH-focused activities. Since SC3 was basically the com-
bination of SC1 and SC2, it could show the comprehensive 
impact of the World Vision WASH program. The outcomes 
presented here are results from the SC3 (combined effect 
of all five WASH interventions available in LiST) summary 
analysis for Malawi, Mozambique, and Zambia. 
WASH COVERAGE INCREASES BETWEEN 2010 AND 2014 
We calculated subnational population estimates for the tar-
get World Vision ADPs under study (Malawi: 594,484 popu-
lation in 20 ADPs; Mozambique: 1,307,059 population in 30 
ADPs; Zambia: 929,992 population in 26 ADPs) (Table 1). To 
match the definitions of World Vision WASH interventions 
with those of LiST WASH interventions that were not di-
rectly comparable, we calculated “improved water source,” 
“water connection in the home,” “improved sanitation,” 
“handwashing with soap,” and “hygienic disposal of chil-
dren’s stools” intervention coverages by designing transla-
tion methods (Table 3). This process enabled us to input 
World Vision WASH intervention coverages into LiST cov-
erage data. The results indicate that WASH program cover-
age levels have increased since 2010 in all of the ADPs un-
der study (Table 6). 
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Table 7. Results from Lives Saved Tool (LiST) 
Deaths in children U5 in study 
countries 
2010 2011 2012 2013 2014 Total 
Subnational baseline: 
Total (0-60 months) 9,167 15,734 16,504 17,255 17,812 76,472 
<1 month 2,767 4,804 4,903 4,995 5,085 22,554 
1-59 months 6,401 10,932 11,601 12,260 12,726 53,920 
Subnational projection SC3: 
Total (0-60 months) 9,167 15,677 16,339 16,970 17,402 75,555 
<1 month 2,767 4,803 4,901 4,992 5,081 22,544 
1-59 months 6,401 10,876 11,438 11,978 12,321 53,014 
Lives saved 0 57 165 285 410 917 
Additional deaths prevented in 
children U5 relative to impact year 
in study countries: 
2010 2011 2012 2013 2014 Total 
Subnational projection SC3: 
Total (0-60 months) 0 78 279 515 767 1,639 
<1 month 0 1 5 7 10 23 
1-59 months 0 76 274 508 758 1,616 
Subnational baseline: 
Total (0-60 months) 0 21 112 226 351 710 
<1 month 0 0 2 3 5 10 
1-59 months 0 20 110 222 345 697 
Lives saved 0 57 167 289 416 929 
Additional deaths prevented in 
children U5 by intervention 
relative to impact year: 
2010 2011 2012 2013 2014 Total Percentage 
Improved water source 0 16 41 70 99 226 24.4% 
Water connection in the home 0 2 5 9 13 29 3.1% 
Improved sanitation 0 12 30 50 72 164 17.7% 
Hand washing with soap 0 25 85 152 223 485 52.4% 
Hygienic disposal of children's 
stools 
0 2 4 7 9 22 2.4% 
Lives saved 0 57 165 288 416 926 100% 
Additional deaths prevented in 
children U5 by cause relative to 
impact year: 
2010 2011 2012 2013 2014 Total Percentage 
Diarrhea 0 51 149 252 362 814 87.6% 
Pneumonia 0 3 11 20 31 65 7.0% 
Meningitis 0 0 1 2 4 7 0.8% 
Measles 0 1 2 6 7 16 1.7% 
Other 0 1 4 9 13 27 2.9% 
Lives saved 0 56 167 289 417 929 100% 
NUMBER OF U5 LIVES SAVED FROM DIARRHEA, PNEUMONIA, 
MENINGITIS, AND MEASLES 
According to LiST, 917 to 929 children U5 (Table 7) were 
saved from death caused by diarrhea, pneumonia, meningi-
tis, or measles (excluding the baseline coverage effect) due 
to safe water, sanitation, and hygiene interventions across 
World Vision FECC program areas in all three countries be-
tween 2010 and 2014. 
2010 includes only the results from Malawi and Zambia. 
We considered these numbers (the number of U5 lives 
saved: 166 to 168 in Malawi, 271 to 273 in Mozambique, and 
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480 to 488 in Zambia) as a major conclusion. 
PERCENTAGE INCREASE IN U5 LIVES SAVED FROM DIARRHEA, 
PNEUMONIA, MENINGITIS, AND MEASLES 
One of the most compelling findings of this study was the 
percentage increase in child lives saved from diarrhea due 
to WASH interventions within FECC target populations. Ac-
cording to LiST, a minority of additional deaths prevented 
could be attributed to pneumonia, meningitis, and measles. 
Results of LiST analysis revealed a regional-level mean up-
surge of 131% in U5 lives saved from diarrhea and other 
causes as compared to no coverage changes, across the re-
gion (63% increase in Malawi, 121% increase in Mozam-
bique, and 223% in Zambia) (Table 7, Figure 3). There is 
math behind the LiST model to calculate the number of 
lives saved. According to LiST, effectiveness is “the percent 
of deaths due to a specific cause that are reduced by the in-
tervention” and affected fraction is “the percent of deaths 
due to a specific cause which are potentially able to be im-
pacted by a specific intervention.” The reduction in mor-
tality by single intervention is equal to effectiveness of the 
intervention × increase in the coverage of intervention × 
affected fraction ÷ unrealized potential impact. The total 
mortality reduction by multiple intervention is equal to the 
product of each intervention’s impact on the remaining 
mortality. 15 The number of lives saved in the “no coverage 
changes” bar was calculated assuming a lack of WASH inter-
vention coverage changes throughout the implementation 
of the program, whereas the “projection” bar scaled up ac-
tual intervention coverages in 2014. 
DECREASE IN U5MR 
WASH interventions largely prevented more child mortality 
than maternal mortality. Therefore, among various types 
of mortality rates (MMRatio, MMRate, NMR, IMR, U5MR), 
U5MR (deaths per 1,000 live births), which includes NMR 
and IMR, was considered as the most appropriate indicator 
to reflect the impact of World Vision WASH program on 
lives saved. From LiST analysis, U5MRs in all three coun-
tries’ target program areas decreased throughout the time 
that the WASH interventions were underway. U5MR steadily 
decreased in each country from the initiation year to 2014 
(5.38% decrease in Malawi, 3.60% decrease in Mozambique, 
4.32% decrease in Zambia) (Figure 4). 
It reflected a 4.47% mean decrease in U5MR in all three 
countries. This U5 mortality decreasing trend was based on 
LiST results of the difference attributable to the World Vi-
sion WASH interventions in the target population. The con-
sistent subnational trend for all areas in which World Vi-
sion works is important to consider, given the high impact 
of WASH on child mortality. 16 
CASES OF DIARRHEA AVERTED 
The estimated target U5 population in the baseline in study 
countries was 541,935 (104,629 in Malawi; 245,727 in 
Mozambique; 191,578 in Zambia). We extracted U5 percent-
age distribution from the total population by age in the 
rural area (17.6% in Malawi, 18.8% in Mozambique, 10.6% 
in Zambia) from DHS data in each country as proxy, and 
Countdown 2015 data were reviewed for reference. 
13,14,17–20 
The results of LiST analysis indicate that enormous num-
bers of U5 diarrhea and severe diarrhea cases have been pre-
vented since 2010 in the ADPs where the FECC WASH pro-
grams were implemented: 809,552 moderate diarrhea cas-
es averted (164,084 in Malawi; 289,713 in Mozambique; and 
Figure 3: Percentage increase of under-five (U5) lives 
saved from diarrhea, 2010/2011-2014. 
Figure 4: Under-five (U5) mortality rate (deaths per 
1,000 live births), 2010/2011-2014. 
355,755 in Zambia) and 17,662 severe diarrhea cases averted 
(3,582 in Malawi; 6,320 in Mozambique; and 7,760 in Zam-
bia) over time (Figure 5). 
Overall, 1.53 cases of diarrhea (827,214 moderate to se-
vere diarrhea cases averted divided by 541,935 target U5 
population size) were prevented for every child U5 in these 
three countries between 2010 and 2014. The data revealed 
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the total illness due to diarrhea that was prevented 
throughout the intervention period, while the number of 
lives saved would tell us only the extreme measures (mor-
tality, that is to say, alive or not). In other words, an em-
phasis also needs to be placed on cases averted. Further-
more, as previously noted, those children who develop fre-
quent episodes of diarrhea are more likely to be malnour-
ished and suffer from other life-threatening infectious dis-
eases. Therefore, preventing diarrhea has a significant in-
termediary effect on deaths due to multiple additional caus-
es. 
DECREASE IN DIARRHEA INCIDENCE RATES 
The decrease in the diarrhea incidence rate was measured 
for each country. The number of new diarrhea cases per 
child U5 each year has been decreasing steadily (0.54 cases 
per child per year decrease in Malawi, 0.53 cases per child 
per year decrease in Mozambique, and 0.65 cases per child 
per year decrease in Zambia) (Figure 6). 
Assuming that the average of incidence rate for these 
three countries without WASH interventions is 3 cases per 
child per year 1–3 over four years, the total number of diar-
rheal cases per child for four years would be 12 cases. Ac-
cording to the findings for cases of diarrhea averted, every 
child might avert 1.53 cases of diarrhea across the four-year 
span. Thus, the combined interpretation of the cases of di-
arrhea averted and the decrease in diarrhea incidence rates 
indicated that 12.75% (1.53 out of 12 cases) of all diarrheal 
cases were prevented due to WASH interventions. 
DISCUSSION 
UNAVAILABLE BASIC INFORMATION FOR LIST SUBNATIONAL 
PROJECTION 
Exact subnational data was difficult to obtain. A number of 
unavailable specific subnational data needed to be entered 
in LiST, such as mortality rates, HIV prevalence, and contra-
ceptive prevalence rates, so the rural area values from DHS, 
JMP, Countdown to 2015, or default values from LiST had to 
be used as proxy. 
No estimated cause of death profiles was found at the 
specific ADP level, so we had to rely on the cause of death 
structure at the national level of all countries combined to 
predict what kinds of diseases exist at the local level as 
proxy. We used LiST to analyze the relative proportion of 
diarrheal diseases responsible for U5MR within World Vi-
sion WASH program target areas, across all three coun-
tries combined (Malawi: 15,574,213 in 2010; Mozambique: 
25,148,360 in 2011; Zambia: 14,422,951 in 2010) (Figure 1). 
This cause-of-death distribution generally gave us a bet-
ter sense of the background and status of baseline in the 
study countries. LiST results indicate that diarrheal dis-
eases, which are directly preventable by WASH interven-
tions, constituted 12% of total U5MR among the national 
populations under study (Figure 1). 
INSUFFICIENT WASH-RELATED HEALTH INTERVENTION DATA 
For this study, it was not feasible to calculate the variances 
in WASH-related health intervention coverage levels be-
cause of the lack of integration among the most relevant 
health and WASH data. We expected to run the modeling as-
sessment with SC4, “LiST analysis through scaling up cov-
erage of all WASH interventions and WASH-related health 
interventions,” but there was insufficient data to model SC4 
(Table 4). Given the limitations of the study related to avail-
ability of WASH-related health data, this left only five 
WASH interventions in LiST (SC3)—improved water source, 
Figure 5: Comparison of target under-five (U5) 
population and U5 diarrhea, severe diarrhea cases 
averted, 2010/2011-2014. 
Figure 6: Under-five (U5) diarrhea incidence rates (case 
per child-year), 2010/2011-2014. 
water connection in the home, improved sanitation, hand-
washing with soap, and hygienic disposal of children’s 
stools—available for the modeling assessment. 
UNDERESTIMATION OF LIVES SAVED 
Modeling WASH issues alone without integrated prevention 
and treatment of waterborn, diarrheal, and other infectious 
diseases did not prove be an effective method to avert a sub-
stantial number of deaths and illnesses in young children 
through LiST. The total number of lives saved, 917 to 929 
in all three countries, was much smaller than we expected. 
There are jour major reasons for the small number of lives 
saved. 
First, we suppose that as more LiST intervention cover-
ages are used, the number of projected lives saved will in-
crease. For this study, only 6% of the interventions in LiST 
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were used for analysis (i.e., the 5 WASH-focused interven-
tions as detailed in the SC3 description, among more than 
80 interventions total in LiST), while all other interven-
tion coverages remained constant; thus, the number of lives 
saved was insubstantial. If 13 WASH-related health inter-
vention coverages had been available, the number of lives 
saved would have increased substantially. In addition to a 
total of five WASH intervention coverage variables, LiST 
could have considered other relevant coverages mentioned 
in Table 4 to calculate the number of total deaths. Second, 
the degree to which WASH coverage increased from 2010 
to 2014 was not substantial (Table 6). The coverages that 
did not especially increase were “water connection in the 
home” and “hygienic disposal of children’s stools.” If all 
five WASH intervention coverages had increased greatly, the 
number of lives saved would have been much higher. Third, 
only 12.75% (1.53 out of 12 cases) of all diarrheal cases of 
each child over a four-year duration was prevented due to 
World Vision WASH interventions, which means that each 
child must have still suffered 10.47 cases of diarrheal dis-
eases. Thus, 87.25% (10.47 out of 12 cases) of diarrheal dis-
eases that were not prevented by World Vision WASH in-
terventions must have caused child deaths from diarrhea. 
Fourth, for the conversion of WV interventions to LiST in-
terventions output level data was converted into a percent, 
but it is technically still not a coverage level statistic be-
cause program data was used instead of coverage level data. 
Program data typically only captured the population in 
need (denominator of coverage) and the beneficiaries who 
received the intervention (numerator of coverage), which 
were not actual coverage in the World Vision program area. 
Our assumption around converted program data could have 
been another factor that contributed to underestimation of 
lives saved. However, it is unknown because we know that 
the sustainability of interventions, especially of sanitation 
and hygiene are a challenge for the sector, including World 
Vision. 
ALIGNMENT WITH LIST INTERVENTIONS 
According to the Child Health Epidemiology Research 
Group (CHERG) standards, LiST reflected the most current 
evidence on intervention effectiveness. World Vision’s def-
inition of intervention differs from LiST’s definition, so the 
existing WASH data varied considerably in relation to in-
tervention definition and quality level. Thus, a substantial 
amount of effort was spent matching World Vision inter-
ventions to LiST interventions (Table 3). In order to achieve 
the most accurate estimate of LiST analyses, a standardized 
core set of health and WASH interventions should be used 
to align with the evidence-based set of LiST interventions. 
Particularly for retrospective assessment, success in show-
ing the program impact would be best achieved through 
systematic baseline, midterm, and endline surveys using 
common monitoring interventions (with the same defini-
tions used in LiST, which can be turned into coverage infor-
mation) across contexts. 
SETTING ORDER OF PRIORITY AMONG LIST ANALYSES 
Given the study’s limitations of different time and scale 
variables, a simple comparison of lives saved in each coun-
try should be carefully considered for the following three 
reasons: 
Since all-inclusive health and WASH intervention data 
were not standardized to take full advantage of LiST for 
this study, we presented results from analysis on the fol-
lowing ordered effects and outcomes: 1) number of U5 lives 
saved, 2) percentage increase in U5 lives saved, 3) decrease 
in U5MR, 4) diarrhea cases averted, and 5) decrease in diar-
rhea incidence rate. 
CHANGING WASH FOCUS 
CHERG used evidence-based scientific data for intervention 
effectiveness and affected fractions. All data were based on 
evidence, so those default values were used for analyses 
(Table 8). 
The World Vision WASH program focused primarily on 
drilling boreholes, which was the least effective activity ac-
cording to LiST. To increase the effectiveness of WASH to 
improve and save more children’s lives, WASH interven-
tions should be broadened to include activities with the ut-
most proven efficacy. As per the tool, the default values in 
LiST show us that the WASH intervention with the highest 
degree of effectiveness is household water connection, fol-
lowed by handwashing with soap (Table 7). Together, these 
two interventions would be more effective than the com-
bined total of the other three (i.e., improved sanitation, use 
of latrines or toilets; hygienic disposal of children’s stools; 
and improved water source). 
Although LiST provides generalized cost effectiveness 
analysis, it does not provide the cost per lives saved through 
each WASH intervention. The highest priorities using the 
expression of LiST interventions should be 1) to ensure that 
households have water connections on their premises or 
near their dwellings (this can include land plot/yard and 
be equivalent to a tap stand and/or water point from an 
alternative water system) and 2) to promote the regular 
availability of soap (or ash/another soap equivalent) for all 
households by empowering communities to prioritize this 
resource. Intensified emphasis on behavior-change commu-
nication is also critical, as the ultimate impact of WASH in-
terventions depends on sustained uptake of positive behav-
iors by community members. 
WASH-RELATED HEALTH INTERVENTIONS 
There are many WASH-related health interventions within 
the World Vision 7-11 framework for MNCHN that can pre-
vent and treat waterborne and diarrheal diseases: full im-
munization for age, ORT, zinc and vitamin A supplemen-
tation, use of ITN, and appropriate breastfeeding and com-
plementary feeding. 21 If increased child survival, health, 
and well-being for U5 is to be realized, there must be more 
deliberate efforts to synergize and incorporate vital health 
• Target population sizes were different in each country 
(Malawi: 594,484; Mozambique: 1,307,059; Zambia: 
929,992). If we model the three countries individually 
and the intervention coverage is similar in each coun-
try, a higher number of lives will be saved where the 
population is larger. 
• The baseline years were different. While MozWASH 
began its program in 2011, ZWASH and MWASH be-
gan their programs in 2010. In other words, 
MozWASH received the benefit of WASH interven-
tions for one fewer year in comparison to ZWASH and 
MWASH. 
• Although countries were expected to use a common 
M&E framework, World Vision national offices in 
each county used their own M&E tools in practice. 
In addition, the varying cultural norms, technical ca-
pacities, and World Vision office structures were dif-
ferent in each country, so the methods of matching 
World Vision WASH interventions with LiST WASH 
interventions were slightly different. 
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Table 8. Effectiveness and affected fraction of Lives Saved Tool (LiST) WASH Interventions 
Preventive 
1-5 months 6-11 months 12-23 months 24-59 months 
E AF E AF E AF E AF 
Improved water source 0.170 1.000 0.170 1.000 0.170 1.000 0.170 1.000 
Water connection in the 
home 
0.690 1.000 0.690 1.000 0.690 1.000 0.690 1.000 
Improved sanitation – 
utilization of latrines or 
toilets 
0.360 1.000 0.360 1.000 0.360 1.000 0.360 1.000 
Hand washing with soap 0.480 1.000 0.480 1.000 0.480 1.000 0.480 1.000 
Hygienic disposal of 
children’s stools 
0.200 1.000 0.200 1.000 0.200 1.000 0.200 1.000 
E – effectiveness, AF – affected fraction 
interventions into WASH. For the next study, it is recom-
mended that all WASH-related health interventions also be 
included for the modeling assessment of the WASH pro-
gram. 
SAMPLING AND REPRESENTATIVENESS OF THE DATA 
A total of 76 ADPs where those most in need of WASH were 
selected as sampling frames from the population of inter-
est in Malawi, Mozambique, and Zambia. Since they were 
from non-probability sampling, selection bias might be un-
avoidable. Judgmental (or purposive) sampling was specif-
ically used, but there were no unified inclusion and exclu-
sion criteria for the sampling of ADPs across countries. In 
addition, each ADP is unique—it has its own staff and de-
sign, and geographic area of ADP varies in size, context, 
and population. 22 Judgmental sampling may also misrepre-
sent the overall population at large in those three Southern 
Africa countries. Notwithstanding the limitation of repre-
sentativeness in general, it would be beneficial and replica-
ble for similar settings, such as ADPs in other African coun-
tries where the current statuses of WASH are below the av-
erage that requires immediate implementation of the pro-
gram for saving children’s lives. 
CONCLUSIONS 
The findings of this study through LiST quantitatively af-
firm the life-saving effects of the World Vision FECC WASH 
programs in Malawi, Mozambique, and Zambia. To reach 
the goal of preventing all three cases of diarrhea per child 
each year by 2020, program activities must include promo-
tion and facilitation of household-level water connection 
and regular availability of soap or its equivalent, WASH-re-
lated health interventions must be fully incorporated into 
programs, and stakeholders must come together to raise 
awareness about integrated WASH programs. 
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